The antimicrobial potential of ethanol extract of Piper umbellatum seeds and its acidic, basic and neutral metabolites were evaluated using the disc diffusion method. The results showed that the acidic and neutral metabolites exhibited greater antibiotic activities against the tested microorganisms; Coliform bacilli, Salmonella typhi and Staphylococcus aureus and gave inhibition zone diameters greater than 28 mm against both C. bacilli and S. aureus. These results were interpreted in terms of differences in phytochemical composition of these metabolites and indicated that an effective anti-Staphylococcal drug could be developed from P. umbellatum extract for chemotherapy of diseases caused by S. aureus, which is known all over the world to develop resistance to most potent antibiotic drugs. Chromatographic purification of the acidic metabolite gave five fractions whose antimicrobial potential against some pathogens was evaluated and compared with Amoxil (a positive standard antimicrobial drug). The results showed that all the chromatographic fractions possessed inhibitory activities against the tested microbes. Spectroscopic analysis of IR, 1 H-and 13 C-NMR data suggested that the active principle in acidic metabolite of P. umbellatum could be Naringin, a naturally occurring polyphenol and antibiotic drug.
Introduction
Medicinal plants often exhibit a wide range of biological and pharmacological activities, such as anti-inflammatory, antibacterial and antifungal properties (Ajayi et al., 2011) . It is generally assumed that the active constituents contributing to these protective effects are phytochemicals, vitamins and minerals (Okwu, 2005) . Phytochemicals are natural products derived from plant sources, whose isolation and modification have led to production of numerous useful drugs. Due to the need for development of new drugs with better pharmacological activities, the dependence on plants grew increasingly as scientists continually exploited them for isolation of bioactive compounds. Several plant extracts have been shown to possess remarkable potential in prevention of microbial spoilage of food products (Okwu, 2005; Jussi-Pekka et al., 2000; Smith-Palmer et al., 2001; Kotzekidou et al., 2008; Ejele, 2010; Ugbogu et al., 2010) . The inhibition of growth and activity of microorganisms is one of the major uses of chemical preservatives in the food industry. Many antibiotics have also been used as preservatives for raw foods, especially protein foods like meat, fish, poultry, etc. but microorganisms often formed resistance against them and new strains of these organisms developed (WHO report, 1974; Levy, 1998) hence the use of medicinal plant extracts and metabolites have become necessary.
The phytochemistry and antimicrobial potentials of plant extracts and secondary metabolites have been investigated by several workers (Anesini & Perez, 1993; Adesokan et al., 2007; Mahesh & Satish, 2008; Alinnor & Ejele, 2009; Ejele & Alinnor, 2010; Ejele & Akujobi, 2011) . Anesini and Perez (1993) tested 122 plant species often used for local treatment of several diseases and found that twelve plant species inhibited growth of Staphylococcus aureus, ten were effective against Escherichia coli while four inhibited Aspergillus niger. Adesokan et al. (2007) studied the aqueous extract of the stem bark of Enantia chlorantha and found that it possessed broad-spectrum antibacterial activities with gram-positive bacteria showing more susceptibility to the extract at all concentrations. The authors concluded that the broad-spectrum antibacterial activity of the plant extract was possibly due to the presence of alkaloids. Alinnor and Ejele (2009) studied the antimicrobial properties of crude extracts of Gongronema lafolium and found that ethanol extract inhibited growth of S. aureus, E. coli, P. aeruginosa, and P. vulgaria. Ejele and Akujobi (2011) studied the effects of acidic, basic and neutral metabolites of Garcinia kola on the microbial spoilage of Cajanus cajan extract and found that the acidic metabolite completely inhibited the microbial attack on C. cajan extract throughout the study period of one year, suggesting that the acidic metabolite of G. kola possesses antimicrobial and antifungal properties. Moreover the antimicrobial screening of the acidic metabolite on some human pathogens, such as E. coli, S. aureus, C. bacilli, and S. typhi and showed that the acidic metabolite was effective against all the human pathogens tested.
Black pepper (P. umbellatum) originates from tropical America and widely naturalized throughout the tropics. It is found in tropical Africa from Guinea and Cameroun to Ethiopia and Southern Africa. In traditional Africa medicine, a decoction of the leaves or roots of P. umbellatum is used for the relief of jaundice, malaria, urinary and kidney problems, syphilis and gonorrhea, leucorrhoea, menstrual problems, and stomach-ache, while the leaves are widely used as an emollient and antiseptic and applied on boils, burns and swellings. The antimicrobial potential of pepper extracts have been investigated (Pundir & Jain, 2010; . Pundir and Jain (2010) carried out a comparative study of the antimicrobial activities of P. nigrum extract and found that both ethanol and methanol extracts of the plant were effective against food spoilage bacteria and fungi. The authors observed that aqueous extract of black pepper showed strong activity against S. auerus while the ethanol and methanol extracts were effective against all the tested food spoilage bacteria such as B.megaterium, B. sphaericus, B. polymyxa, S. auerus and E. coli suggesting that ethanolic and methanolic extracts of black pepper contained antimicrobial compounds which could be suitable alternatives to chemical preservative. compared the antimicrobial potential of neutral metabolites and found that the metabolite of P. umbellatum seeds and N. laevis leaves extracts exhibited strong antimicrobial activities against the tested microorganisms, C. bacilli, S. typhi and S. aureus. The results showed that the greatest activity of the P. umbellatum neutral metabolite was against S. aureus with inhibition zone diameter of 29±4 mm at 100 mg/ml concentration while the least activity was against S. typhi with inhibition zone of 25±3 mm, at the same concentration suggesting that the neutral metabolite of P. umbellatum could be an important source of useful antimicrobial compound that may be employed in the treatment of infections caused by several human pathogens which are microorganisms that cause various diseases (Pundir & Jain, 2010; . In a recent study A. E. Ejele and N. U. evaluated the antimicrobial potential of crude extract, acidic, basic and neutral metabolites of P. umbellatum seeds extract against selected human pathogens and found that both crude extract and metabolites possessed antimicrobial activity against the tested microorganisms, C. bacilli, S. typhi and S. aureus although the acidic and neutral metabolites were more effective than the basic against C. bacilli and S. aureus with inhibition zone diameters greater than 28±4 mm at 100 mg/ml concentration. However, the active principles responsible for the observed antimicrobial properties are not known with certainty hence concerted efforts should be made to isolate and characterize the active principle responsible for the observed antibiotic effects. In this regard, Tabopda et al. (2008) isolated and characterized four alkaloids from branches of P. umbellatum and showed they possessed α-glycosidase inhibition, antioxidant and antifungal activities while Baldoqui et al. (2009) reported the isolation and characterization of nine compounds from leaves of P. umbellatum including one terpenoid, five flavones and two lignans. In this paper we report the isolation, purification and characterization of an antibiotic compound from the acidic metabolite of P. umbellatum seeds with a view to identify the phytochemical compound responsible for the observed antimicrobial and preservative properties of the plant.
Method

Preparation of P. umbellatum Seed Extract
Sixty five gram of sun dried seeds of P. umbellatum were ground and put in a soxhlet extractor fitted with a reflux condenser and extracted with 250 ml of ethanol for 12 h. The ethanol extract was allowed to evaporate completely at room temperature to give a gel, which was dissolved in ethanol/water mixture (4:1) and filtered. The filtrate was used without further purification for antimicrobial experiments and preparation of acidic, basic and neutral metabolites. Phytochemical screening of this filtrate showed presence of alkaloids, amino acids, flavonoids, carboxylic acids, glycosides, saponins and tannins.
Preparation of Metabolites
Preparation of Basic Metabolite
This metabolite was prepared as earlier stated (Ejele & Alinnor, 2010) . The filtrate of P. umbellatum seed extract was treated with diluted 2M HCl and extracted with chloroform in a separatory funnel. The lower chloroform layer was removed (and reserved for the preparation of other metabolites). The HCl layer was treated with diluted 2M NaOH solution until the mixture became basic. Then the resultant solution (with or without precipitate) was allowed to evaporate completely at room temperature to form a gel, which was dissolved in 95% ethanol and filtered. The filtrate was used without further purification for antimicrobial and phytochemical experiments Preliminary phytochemical screening of this filtrate showed presence of alkaloids, amino acids, glycosides, saponins and tannins.
Preparation of Neutral Metabolite
The chloroform layer obtained above was placed in a separatory funnel and treated with diluted 2M NaOH solution. After equilibrating, two layers were obtained. The chloroform layer was removed and allowed to evaporate completely at room temperature to produce a gel, which was dissolved in 95% ethanol and filtered. The filtrate was used without further purification for the antimicrobial and phytochemical experiments (Levy, 1998) . Preliminary phytochemical screening of this filtrate showed the presence of amides, esters, steroids and terpenoids. The aqueous 2M NaOH layer was removed and used for preparation of acidic metabolites.
Preparation of Acidic Metabolite
The aqueous alkaline layer obtained above was treated with diluted 2M HCl until the solution became acidic. The mixture (with or without precipitate) was allowed to evaporate completely at room temperature to produce gel, which was dissolved in 95% ethanol and filtered. The filtrate was used without further purification for antimicrobial and phytochemical experiments (Ejele & Alinnor, 2010) . Preliminary phytochemical tests carried out on this filtrate showed contained amino acids, fatty acids, flavonoids and free phenols.
Antimicrobial Analysis of Extract and Metabolites
The experiments were carried out in the Microbiology Department, Federal Medical Centre, Owerri, Imo State of Nigeria. Tested microorganisms used were C. bacilli, S. typhi and S. aureus and the method used was agar disc diffusion method. An inoculating loop was touched to three isolated colonies of the pathogen on an agar plate and used to inoculate a tube of culture broth, which was incubated at 35-37 o C until it became slightly turbid and was diluted to match the turbidity standard. Then a sterile cotton swab was dipped into the standardized bacterial test suspension and used to evenly inoculate the entire surface of the agar plate. After 5 min, the appropriate antibiotic test disks which were prepared by dipping the test disks into appropriate antibiotic mixture (extract or metabolite) and placed with a multiple applicator device on the agar plate. The agar plate (loaded with the antibiotic test disks) was incubated at 35-37 o C for 16-18 hours, after which the diameters of inhibition zones (areas showing little or no microbial growth) were measured to the nearest mm (Garred & Graddy, 1983; Harbarth & Samore, 2005; Juruya & Lowry, 2006) The same solvent (95% ethanol) was used to dissolve metabolites and extracts prior to antimicrobial analysis, hence control experiments were carried out to evaluate antimicrobial activity of the solvent, which showed the solvent possessed little or no antimicrobial activity against the tested microorganisms.
Phytochemical Tests on Extract and Metabolites
Phytochemical screening of extract and metabolites for the presence of amino acids, alkaloids, cardiac glycosides, flavonoids, saponins, steroids, tannins and triterpenes were carried using standard methods (Evans, 2002) .
Qualitative TLC Tests on Acidic Metabolite
This test was conducted to determine the number of compounds present in the acidic metabolite. The metabolite was dissolved in ethanol and spotted several times onto the TLC plate (coated with silica gel) using a micro capillary tube until the quantity loaded was adjudged sufficient for the experiment. The plate was placed in a glass tank containing the mobile phase (chloroform/ethanol; ratio 1:1) and allowed to run until the moving phase reached the top of the plate, after which the plate was removed, dried in air and developed in iodine tank. The R f values of the various components were determined.
Chromatographic Purification
The qualitative TLC test performed above showed the presence of three compounds in the acidic metabolite hence column chromatographic purification was performed to separate the different components. Slurry of silica gel (stationary phase) was prepared in chloroform and packed into a column of 2.5 cm diameter to a high of 12.5 cm Then 5 ml of acidic metabolite, dissolved in ethanol was transferred gently onto the top of column and allowed to flow into the packed silica gel column while the tap was opened. The mixture was eluted by gradient elution with chloroform and ethanol during which it was separated into several fractions, which were collected in separate containers and numbered.
Antimicrobial Analysis of Chromatographic Fractions
The antimicrobial screening of various fractions obtained from the chromatographic purification of the acidic metabolite was carried out at the Department of Microbiology, Federal Medical Centre, Owerri, Imo State of Nigeria, using the disk diffusion method as earlier described (Garred & Graddy, 1983; Harbarth & Samore, 2005; Juruya & Lowry, 2006) . The inhibition zone diameters were measured and the fraction that showed the best antibiotic activity was chosen for IR and NMR spectroscopic analyses and structural elucidation.
Spectroscopic Analysis
Infra Red analysis of the selected chromatographic fraction was performed at Central Research Laboratory, University of Ibadan, Nigeria using FTIR Infra Red Spectrophotometer BX-model manufactured by Perkin Elmer while the 1 H-and 13 C-NMR analyses were performed at Obafemi Awolowo University, Ile-Ife, Nigeria using the V-NMR1 Mercury-20088. Solvents used for the NMR analyses were CH 3 OD, CDCl 3 or DMSO.
Results
Antimicrobial Screening of Various Metabolites
The results of antimicrobial screening of the crude extract and various metabolites were shown in Table 1 while  Tables 2-5 showed their respective MICs. It was observed from Table 1 that all the samples possessed antimicrobial activity to various extents. The table showed that the crude extract exhibited its greatest activity against C. bacilli with inhibition zone of 27±3 mm at 100 mg/ml and MIC of 6.25 mg/ml (Table 2) while the least activity was against S. aureus with inhibition zone of 15±4 mm and MIC of 25 mg/ml (Table 2) . Positive control used was Amoxil at 200 mg/ml concentration (Table 1) while the negative control was diluted (2M) sodium chloride solution. The acidic metabolite exhibited its greatest activity against S. aureus with inhibition zone of 32±3 mm at 100 mg/ml concentration and MIC of 6.25 mg/ml (Table 3) , closely followed by C. bacilli with inhibition zone of 30±2 mm and MIC of 6.25 mg/ml while S. typhi was the least susceptible to this metabolite with inhibition zone of 22±4 mm at 100 mg/ml and MIC of 25 mg/ml (Table 3) .
When compared with the crude extract it was clearly seen that antimicrobial activity of the acidic metabolite against S. aureus was significantly enhanced and inhibition zone increased from 15±4 mm (for crude extract) to 32±3 mm (for metabolite) at 100 mg/ml concentration. However, the activity of acidic metabolite (or fraction) against S. typhi was not significantly different from that of the crude extract. Table 1 also gave antimicrobial activity of the basic metabolite from which it could be seen that C. bacilli was most susceptible to the basic metabolite with inhibition zone of 20±4 mm at 100 mg/ml concentration and MIC of 6.25 mg/ml (Table 4) while S. aureus with an inhibition zone diameter of 15±5 mm was the least susceptible at the same concentration and MIC of 50 mg/ml (Table 4 ).
In comparison with the crude extract, it was observed that antimicrobial activities of the basic metabolite against C. bacilli and S. typhi were significantly smaller and inhibition zone diameters decreased from 27±3 and 21±3 mm respectively (for crude extract) to 20±4 and 18±3 mm (for metabolite) at the same concentration. The antimicrobial activity against S. aureus was unaffected. The activity of neutral metabolite was also presented in Table 1 while the MIC was shown in Table 5 . Table 1 showed that the greatest antimicrobial activity of this metabolite was against S. aureus, with inhibition zone of 29±3 mm at 100 mg/ml concentration while Table 5 showed its MIC was 12.5 mgml. The metabolite inhibited the growth of C. bacilli with inhibition zone of 28±4 mm and MIC of 6.25 mg/ml. The least activity was against S. typhi with inhibition zone of 25±4 mm 25 mg/ml. When compared with the crude extract, it was observed that the activities of neutral metabolite against C. bacilli and S. typhi were not significantly affected whereas the activity against S. aureus was enhanced and the inhibition zone diameter increased from 15±4 mm (for extract) to 29±3 mm (for metabolite) at 100 mg/ml concentration (Table 5 ). In Table 4 was presented the MIC of basic metabolite, from which it could be seen that C. bacilli was most susceptible with IZD of 20±4 mm and MIC of 6.25 mg/ml while S. aureus was the least susceptible with IZD of 15±5 mm at 100 mg/ml concentration and MIC of 50 mg/ml. The MIC of neutral metabolite was presented in Table 5 and showed this metabolite had its greatest activity against S. aureus, with IZD of 29±3 mm at 100 mg/ml concentration and MIC of 12.5 mgml while the least activity was against S. typhi www.ccsenet.org/ijc International Journal of Chemistry Vol. 6, No. 1; 2014 with IZD of 25±4 mm and MIC of 25 mg/ml. 
Phytochemical Analysis of the Crude and Various Metabolites
Results of phytochemical analysis of various metabolites are presented in Table 6 , from which it was observed that acidic metabolites contained amino acids, carboxylic acids, tannins, saponins, flavonoids and phenolic acids while the basic metabolites showed presence of alkaloids, amino acids, saponins and glycosides. The neutral metabolites contained amides, aldehydes, ketones, esters, steroids and terpenoids. 
Chromatographic Purification of Acidic Metabolite
The chromatographic purification of acidic metabolite gave five fractions numbered as AC1, AC2, AC3, AC4 and AC5, whose antimicrobial activities were evaluated against some human pathogenic microbes and compared to Amoxil; an orthodox antimicrobial drug (as positive control).
Antimicrobial Screening of Various Fractions From Chromatographic Purification
Antimicrobial results of various fractions obtained from the chromatographic purification of acidic metabolite were presented in Table 7 . The effectiveness of these fractions and Control drug are represented by their inhibition zone diameters (IZD), measured in mm (± std dev.) (Garred & Graddy, 1983; Harbarth & Samore, 2005; Wiley et al., 2008) . The data showed that there was a direct proportionality between the drug or metabolite/fraction strength and the Inhibition Zone Diameter (IZD); that is; as the strength of the drug or metabolite/fraction increased against the microorganism the IZD also increased. Table 7 also showed that all the fractions (AC1, AC2, AC3, AC4 and AC5) exhibited inhibitory activities against Strep. spp. (gram positive bacteria responsible for several infectious diseases); AC1 was not effective against S. aureus and S. typhi, AC2 was ineffective against S. aureus while AC5 had no effect against C. albicans. AC3 and AC4 were effective against all the pathogens. The control drug, Amoxil (at 30 mg/ml concentration) showed no activity against S. typhi and C. albicans. When compared with the control drug, it was observed that AC3 showed stronger antimicrobial potential against S. aureus but had the same activity against Strep. spp. and C. bacilli. Similarly, AC3 showed same effectiveness as the acidic metabolite against S. aureus and C. bacilli but was more active than the metabolite in its inhibition of Strep. spp. Table 8 . Chemical properties of fraction ac 3 (Based on laboratory observation)
Discussion
Interpretation of antimicrobial results presented in Table 1 could be made in terms of effectiveness of extract or metabolite; that is to say that the crude extract would be effective or bactericidal against C. bacilli (IZD = 27±3 These differences in bioactivity arose probably from differences in phytochemical composition of the various metabolites (Ejele, 2010; Alinnor & Ejele, 2009; Ejele & Alinnor, 2010; Ejele & Akujobi, 2011) . Results of phytochemical analysis carried out on the various metabolites were presented in Table 6 . The different constituents contained in various metabolites are substances that control cell growth and division, reduce inflammation, stimulate formation of blood cells and fight infections (Frazier & Westhoff, 1995) . Both acidic and neutral metabolites showed significant antibiotic activity against gram-positive S. aureus, the common flora of man and hospital environment. This is because this bacterium occurs in grape-like clusters on the skin and nose of healthy people and produces numerous toxins that cause toxic-shock syndrome and Staphylococcal scarlet fever (Ugbogu et al., 2010; Frazier & Westhoff, 1995) . It has been reported, all over the world, that S. aureus has developed resistance to most potent antibiotics which are used for treatment of diseases caused by this microorganisms and 95% of the strains were resistant to methicillin (Voravuthikunchai & Kitpipit, 2005; Vindel et al., 2009) . Therefore the need to obtain an effective drug against S. aureus cannot be overlooked. We cannot say (now) which of these phytochemical compounds was responsible for the observed antimicrobial properties of the acidic and/or neutral metabolite. However, it may be speculated that the carboxylic acids and/or polyphenols (flavonoids), amino acids and tannins which were dominant in the acidic metabolite or the steroids and terpenoids, which dominated in the neutral metabolite could be responsible for the observed effects because these had earlier been shown to possess bactericidal, fungicidal, virucidal and medicinal properties (Jussi-Pekka et al., 2000; Smith-Palmer et al., 2001; Kotzekidou et al., 2008; Evans, 2002; Cimanga et al., 2002; Bakkali et al., 2008) . Thus the acidic metabolite, found in this study to inhibit activity of S. aureus with such wide inhibition zone diameter of 32±3 mm, was further purified by column chromatography to isolate and characterize the active principle responsible for observed antimicrobial activity.
The chromatographic purification of acidic metabolite gave five fractions numbered as AC1, AC2, AC3, AC4 and AC5, whose antimicrobial potential were evaluated against some human pathogenic microbes and compared
Chemical Tests Observation Inference
Solubility in dilute acid The compound was insoluble in dilute mineral acids
Compound was not an amine; could be a carboxylic acid, phenol or sulphonic acid.
Solubility in dilute alkali
Compound dissolved freely in dilute alkali.
Compound may be carboxylic acid, phenol or sulphonic acid.
Keto-enol tautomerism TLC showed compound existed as two isomers, even after chromatographic purification.
This suggested the compound existed as keto and enol forms. Vol. 6, No. 1; 2014 are often employed in sanitary, pharmaceutical, cosmetic, agricultural and food industries (Bakkali et al., 2008) . These compounds possess preservative and antimicrobial effects when added to foods (Broughall & Brown, 1984) and usually contained esters, terpenes, terpenoids, flavonoids and other phenol-derived aromatic and aliphatic compounds, most of which act as antioxidants (Jussi-Pekka et al., 2000; Smith-Palmer et al., 2001; Kotzekidou et al., 2008) . Nevertheless, considering the fact that this study has suggested that Naringin could be the active principle in acidic metabolite of P. umbellatum, more work would be done to compare the antimicriobial activity of pure Naringin to S. aeureus with the results obtained in this study.
